Oak species (Fagaceae: Quercus) differ in their distribution at the landscape scale, specializing to a certain portion of environmental gradients. This suggests that functional differentiation favors habitat partitioning among closely related species. To elucidate the mechanisms of species coexistence in oak forests, we explored patterns of interspecific variation in functional traits involved in water-use strategies. We tested the hypothesis that oak species segregate along key trade-offs between xylem hydraulic efficiency and safety, and between hydraulic safety and drought avoidance capacity, leading to species niche partitioning across a gradient of aridity. To do so, we quantified biophysical and physiological traits in four red and five white oak species (sections Lobatae and Quercus, respectively) across an aridity gradient in central Mexico. We also explored the trade-offs guiding species differentiation, particularly between the drought tolerance versus water acquisition capacity, and determined whether the wateruse strategy was associated with the portion of the environmental gradient that the species occupy. In a trait-by-trait analysis, we detected differences between white and red oak species. However, a larger part of the variation was explained at the species rather than at the section level. We detected two primary axes of trait covariation. The first exhibited differences between species with dense tissues and species with soft tissues (the tissue construction cost axis); however, the oak sections did not constitute separate groups, while the second suggested a trade-off between xylem resistance to cavitation and tree deciduousness. As expected, the water-use strategies of the species were related to the environment; oak species from arid areas had more deciduousness and a higher instantaneous water-use efficiency. In contrast, their humid counterparts had less deciduousness and had a xylem that was more resistant to embolisms. Altogether, these results suggest that aridity filters closely related species, resulting in habitat partitioning and niche divergence.
Introduction
Differences in the distribution of plant species at a local scale suggest niche partitioning and ecological specialization to a certain range of resources and conditions (Tilman 1982 , Chapin et al. 1993 , Reich 2014 . This means that plant species must develop adaptations that allow them to successfully establish and survive under a given level of resources (Pérez-Ramos et al. 2012 , de la Riva et al. 2014 , Reich 2014 . It has been stated that there is a continuum of plant strategies for surviving under different levels of resources, reflecting a fundamental trade-off (Reich 2014) . At one extreme of this continuum are the species that inhabit areas with low level of resources, which tend to develop a more resource-conservative and stress-tolerant strategy (Grime 1977 , 2001 , Chapin et al. 1993 , Aerts 1999 , Reich et al. 2003 , Angert et al. 2009 . At the other extreme, species that are specialized to resource-rich environments have evolved a high capacity for resource acquisition and growth (Grime 1977 , Reich et al. 1999 , Ackerly 2004 , Wright et al. 2005 . This trade-off could provide a plausible mechanism to explain the habitat partitioning and species cooccurrence along resource gradients in a given community.
In the case of water, species with an acquisitive strategy tend to have traits that confer plants a greater capacity for water absorption, conduction and use. In contrast, drought tolerant species have traits that enable them to operate under a water deficit. Particularly at the xylem level, drought-tolerant species are very resistant to embolisms but have a low efficiency for water conduction, while acquisitive species have a highly conductive tissue but are more vulnerable to cavitation under drought stress. Overall, this reflects an efficiency-safety trade-off at the xylem level, the generality of which is still under discussion (Tyree and Zymmermann 2002 , Tyree et al. 2003 , Choat et al. 2005 ). In addition, xylem adaptations to variations in water availability have evolved in coordination with other plant responses, such as leaf water-use efficiency (WUE) and deciduousness (Santiago et al. 2004 , Meinzer et al. 2008 , Pineda-García et al. 2011 , 2015 , Méndez-Alonzo et al. 2012 . For instance, deciduous species that avoid water stress have a xylem that is highly vulnerable to embolism, usually with an elevated hydraulic capacitance (Meinzer et al. 2009 , Méndez-Alonzo et al. 2012 , McCulloh et al. 2014 . Conversely, evergreen species have a resistant xylem and can therefore tolerate soil drought, overall suggesting a trade-off between drought tolerance and drought avoidance (Méndez-Alonzo et al. 2012 . Ecological and anatomical studies suggest that wood density can be an indirect indicator of the mentioned tradeoffs given the evidence that drought survival and xylem traits (fiber content, capacitance, vessel density, lumen diameters) correlate with wood density (Cavender-Bares and Holbrook 2001 , Meinzer et al. 2008 , Hacke et al. 2009 , Méndez-Alonzo et al. 2012 . Additionally, a coordinated variation between branch and leaf tissue densities suggests that mechanisms of drought tolerance may operate together at both levels . There is evidence indicating that these functional strategies to address water availability segregate along gradients of drought risk (Cavender-Bares et al. 2004a , Kursar et al. 2009 , Savage and Cavender-Bares 2013 . However, the known phylogenetic conservatism of some physiological and morphological traits suggests potential for important constraints on niche partitioning, especially among closely related species (Reich et al. 2003 , Cavender-Bares et al. 2004b , Ackerly et al. 2006 , Cavender-Bares et al. 2006 , Ricklefs 2010 , Willis et al. 2010 . Whether the trade-offs between ways to resist drought and exploit water are general mechanisms of niche differentiation and species sorting along gradients of drought risk is still unclear. Additionally, further investigation is needed to determine whether trait conservatism constrains the species distribution and differentiation along this trade-off.
Oak species (genus Quercus) are a very diverse group of woody plants in North America, especially in Mexico, which is a major center of secondary diversification (Rzedowski 1978 , Manos et al. 1999 , Villaseñor 2003 , Nixon 2006 . Within the genus Quercus, it has been suggested that species belonging to the Lobatae (red oaks) and the Quercus (white oaks) sections have contrasting patterns of distribution. Particularly, it is thought that white oak species are in general more drought tolerant than red oaks, which is reflected in their spatial distribution in different environmental scenarios (Nixon 1993 , Zavala 1998 , Poulos 2009 , Torres-Miranda 2009 , 2014 , Renninger et al. 2013 . Thus, habitat partitioning by oak species may be restricted by phylogenetic relatedness given conserved adaptations. However, this hypothesis has not been rigorously examined among Mexican oak species, particularly regarding their water-use strategy. Therefore, we compared the drought tolerance between white and red oak species occurring along an environmental gradient at a local scale. We aimed to test whether drought resistance of species is constrained along the trade-off between the capacity to tolerate, and the ability to avoid, drought through the use of water reserves and foliar area reduction, and if strategies segregate across a gradient of aridity. To do so, we characterized, in adult trees, the water-use in leaves, the plant water status, the vulnerability of xylem to cavitation and the plant leaf phenology as a response to drought. Furthermore, we measured biophysical traits related to the water use strategy of plants, such as stem and leaf density. Finally, we explored whether the species water-use strategy was related to the environment experienced in their habitat. In particular, we evaluated the following questions: (i) Is water-use strategy highly conserved among red and white oak species? (ii) Do the drought tolerance-water exploitation and drought tolerance-drought avoidance trade-offs guide the patterns of functional differentiation among species? (iii) Is the water-use strategy related to the environment of the species' habitat?
Materials and methods

Study area
The study was conducted at the Lake Cuitzeo basin, which has an extension of 4026 km 2 . It is located in central Mexico at the north and south of the Michoacán and Guanajuato states, respectively, and is part of the Trans-Mexican Volcanic Belt morphotectonic province (Ferrusquía-Villafranca 1993) . The climate is temperate with a mean annual temperature of 17°C, average annual precipitation >800 mm and a marked precipitation seasonality. At the basin, the precipitation increases and the temperature decreases from north to south (Mendoza et al. 2006 , Aguilar-Romero et al. 2016 . The soils and the topography of the study area are all derived from volcanic activity produced during the Quaternary (Mendoza et al. 2006 , Chávez-Vergara et al. 2014 . Oak forests are the predominant type of natural vegetation (Mendoza et al. 2006 , Aguilar-Romero et al. 2012 , Herrera-Arroyo et al. 2013 . The following nine oak species differ in their distribution along an aridity gradient at the basin: Quercus candicans, Q. castanea, Q. crassipes, Q. gentryi, Q. deserticola, Q. glaucoides, Q. magnoliifolia, Q. laeta and Q. rugosa. The former four species belong to the Lobatae section and the latter five to the Quercus section (Aguilar-Romero et al. 2016) . Different leaf habits have been reported for numerous oak species from distinct regions (Damesin et al. 1998 , Cavender-Bares et al. 2004a , Baldocchi et al. 2010 . Particularly, our studied oak species also differ in their leaf habit (McVaugh 1974 , González-Villareal 1986 , Bello-González and Labat-Noel 1987 , Romero-Rangel et al. 2014 , 2015 .
Based on extensive surveys of oak populations across the studied landscape (Aguilar-Romero et al. 2016), we were able to locate for each species one site within the area where the species presented its maximum recruitment and adult abundance. Thus for each species we proceeded to measure functional traits at the area where they thrive (Figure 1 ).
Morphological and physiological traits
In each site, we quantified morphological and physiological traits to characterize the water-use strategy of the study species. To analyze the morphological traits, we randomly selected 10 individuals of each species. For each tree, we collected 10 mature sun-exposed leaves with no visible damage, five branch samples from terminal twigs and three terminal twigs with leaves on them. The plant samples were wrapped in humid paper towels, stored in plastic bags and transported in coolers to the lab. The leaf samples were left in the paper towels for 12 h, and the fresh weight was then determined using an analytical balance. The stem samples were left submerged in distilled water for 12 h, and their fresh weight without bark was then obtained. The stem volume was obtained by the water displacement method (following Pineda-García et al. 2011) . The stem and leaf samples were ovendried at 70°C for 72 h, and their dry weight was then determined. We calculated the leaf dry matter content (LDMC) as the ratio of the leaf dry weight to leaf humid weight and the stem density (SD) as the ratio of the stem volume to dry weight. The saturated sapwood water content (SWC) was calculated as {([fresh weight -dry weight]/ dry weight) × 100}. For the terminal twigs, we measured the sapwood diameter without bark using a digital caliper. All the leaves supported by the twig were scanned and their area determined using digital image with the WinFOLIA software (Regent Instruments Inc., Ville de Quebec, QC, Canada). Thereafter we calculated the Huber value (Hv) as the twig sapwood cross-sectional area/leaf area.
We measured the CO 2 assimilation rate with a portable infrared gas analyzer (LICOR 6400XL, Lincoln, NE, USA). The Tree Physiology Online at http://www.treephys.oxfordjournals.org measurements were taken in eight fully expanded sun-exposed leaves in five trees per species between 9:00 and 12:00 h. Photosynthetically active radiation was kept at 1500 µmol m -2 s -1 with a light lamp, and the CO 2 was maintained at ∼400 µmol mol -1 . We calculated the instantaneous WUE as the ratio of the CO 2 assimilation rate to the transpiration rate.
The midday plant water potential (Ψ midday ) was measured between 13:00 and 15:00 h with a Scholander pressure chamber (1000, PMS Instrument Co., Albany, OR, USA). The determinations were performed in terminal branches that had been enclosed in plastic bags after the predawn to allow the stabilization of the water potential (Begg and Turner 1970) . Given that these oak species in general have a very short petiole, the plant water potential was measured in three terminal leaf-bearing twigs in six trees per species during the middle of the dry season (April 2014), when the plant experiences the highest water stress before they drop their leaves (Ψ soil < −5 MPa across species sites).
Vulnerability to cavitation was measured in terminal, leafbearing shoots. The branch samples to quantify the xylem vulnerability to cavitation were collected during the first month of the rainy season, when the probability of xylem cavitation is low given that the soil water availability has been reestablished (Mota-Guerrero 2015). Ten to 20 full sun-exposed branches from at least six trees for each species of ∼1.5 m in length were pruned at predawn, to avoid excessive cavitation, and immediately recut under water to remove potential vessel blockage. The branches were transported to the lab under water and covered with black plastic bags. Vulnerability curves were determined by the bench drying technique (Cochard 1992) . The shoots were hung upside-down to dry in the sun, until a desired level of dehydration was reached. For each level of dehydration, two to three stem segments per shoot were selected for the hydraulic conductivity measurements. The segments were covered in black plastic bags for a 30 min period of stabilization, and the plant water potential was then estimated for two twig samples of each segment with a Scholander pressure chamber (PMS Instrument Co.). The stems were recut under water into smaller segments with a mean length (±SE) of 110.09 mm (±0.71) and with a mean diameter of 5.60 mm (±0.06) across species. The leaves were removed, and all scars were sealed with glue. The segments were connected to a plastic tubing manifold, holding up to five samples, which was attached to a pressurized reservoir (~3 kPa) filled with a degassed and filtered (0.2 µm) 10 mM KCl solution. With the stems attached to the reservoir and after a 15 min period of stabilization, we quantified the native water flow (mass per 15 s; g s ) passing through the stem section. Three consecutive measurements were taken to assure that the water flow had reached a steady state. The native hydraulic conductivity was calculated as the ratio between the water flow (F) passing through the stem section and the pressure gradient (dP/ dx) (Tyree and Ewers 1991) . The maximum conductivity (k smax ) of each stem was then obtained after flushing out emboli by applying a 100 kPa pressure head for 10 min, and then remeasuring the water flow. For each stem, we quantified the percentage loss of hydraulic conductivity (PLC) as: PLC = 100 × ((k smax -k s )/ k smax ). The sample sizes ranged from 25 to 140 stem sections depending on the species.
Leaf area in response to drought
We aimed to quantify to what extent individuals of each species reduced leaf area in response to seasonal drought. To do so, in five trees per species, we counted the number of leaves present in three sun-exposed terminal twigs, both at the onset (31 August 2013) and at the middle part (25 April 2014) of the dry season. We selected adult trees making an effort to control for tree size, resulting in a range in diameter at breast height between 8.6 and 18.4 cm, with a mean (±SE) of 13.9 cm (±1.10 cm) for all species. For each tree, we calculated the proportion of leaves present at the middle of the dry season, relative to those present at the beginning of this period. This variable, hereafter named as leaf number change (LNC), reflects the balance between leaf loss and production as the dry season proceeded; values >1 indicate leaf are increase, while values <1 indicate leaf are reduction.
Environmental variables
First, to characterize the climate at each site where species have their maximum abundance, two bioclimatic variables derived from monthly precipitation and temperature values were extracted from high-resolution monthly climate surfaces of the study area (Cuervo-Robayo et al. 2014) using GIS ArcView ver. 3.3 (ESRI 1999). Both bioclimatic variables were modeled using integrated data from 1910 to 2009. Therefore, based on temperature and annual precipitation we derived the De Martonne aridity index (Maliva and Missimer 2012) for each site as follows:
where P is the annual precipitation; and T the mean annual temperature.
Statistical analysis
The general hypothesis that red (Lobatae) and white (Quercus) oak species differ in their water-use strategy was tested by both a trait-by-trait and a multiple trait analysis. To determine the traitby-trait conservatism in the resistance to drought between white and red oak species, we used a nested analysis of variance (ANOVA) and calculated how variance in the measured traits was partitioned among and within sections (Lobatae and Quercus), and the direction of the differentiation between them. A post hoc Student's t-test (α=0.05) was performed to explore the differences between the species. For the xylem hydraulic vulnerability, we plotted the percentage loss of maximum conductivity against the plant water potential, fitted a fourparameter Weibull model, and derived the Ψ at which the xylem lost PLC 50 (Lopez et al. 2005 , Pineda-García et al. 2013 . For the Ψ plant at PLC 50 we obtained a single value per species, and therefore we explored only the differences between sections with a one-way ANOVA. To detect the existence of a trade-off between drought tolerance and drought avoidance, and water exploitation capacity we performed a principal components analysis (PCA) on the multiple traits evaluated for each species (Hv, LNC, positivized PLC 50, wood density (Wd), LDMC, positivized Ψ midday , SWC and WUE), and looked for negative correlations of traits within each of the two principal components. We decided to perform two separate analyses, the first including the eight traits evaluated, and the second excluding the LDMC, because the nested ANOVA indicated that this trait is highly phylogenetically conserved. This last analysis allowed us to explore patterns of covariation among traits that are more likely related to adaptations to current environments. Then, to test for differences in the multivariate water-use strategies between red and white oak species, a t-test was performed on the species scores of the two principal component axes. Finally, to test whether aridity filters drought-tolerant or drought-avoiding species, we performed correlations between the aridity index and the species scores of the two principal components (as indicators of species strategies).
Results
Functional differentiation between and within sections
The nested ANOVA showed that only three (LDMC, Hv and SWC) out of the eight analyzed traits differed significantly between the red and white oak sections, with LDMC being the only trait with a strong phylogenetic signal (section explained more than 30% of the total variation) (Table 1; Figure 2 ). In particular, the Lobatae section (red oak species) exhibited a higher LDMC, higher Hv and lower SWC than the Q. section. The analysis also demonstrated that two traits, WUE and SD, differed among species but not between the two sections of the genus (Table 1 ; Figure 2) . Particularly, Q. glaucoides, a species from dry habitats, had the highest instantaneous water-use efficiency (Figure 2 ). Quercus crassipes and Q. rugosa, which inhabit areas with higher water availability, had the higher SD. Finally, we did not detect differences at either the section or the species level in the midday plant water potential (Ψ midday ), indicating a high variation among individuals (Table 1 ). In the case of the plant water potential at PLC 50 (cases for which one value per species was available), we did not observe differences between sections (Table 1 ; see Figure S1 available as Supplementary Data at Tree Physiology Online). For the LNC, we detected two contrasting leaf phenological responses among the species. Species in the first group, including Q. castanea, Q. candicans, Q. laeta and Q. rugosa, dropped some but not all of their leaves in the middle of the dry season, and produced new leaves at the end of the dry season (from now on we will refer to these species as brevi-deciduous). The second group includes species that dropped all their leaves and remained leafless until the beginning of the rainy season (deciduous).
Multiple trait covariation
Both PCAs looking for trade-offs yielded similar results when including and excluding LDMC, the most conserved trait within the two oak sections (Figure 3 ; see Figure S2 available as Supplementary Data at Tree Physiology Online). In this analysis, the first axis explained 38.9% of the variation, and represents a tissue construction axis; species with soft tissues and with a greater capacity for water storage in the stem were located at the negative end of the axis (Figure 3) . Conversely, species with dense stems and a higher Hv were located at the positive side of the axis. The second PCA axis synthetized the variation (30.1%) in the tolerance to low plant water potential, at the stem level, leaf deciduousness and leaf WUE. Brevi-deciduous species, which drop a fraction of their leaves at the beginning of the dry season but produce new leaves immediately after and bear them at the end of the dry season, and have a xylem resistant to embolism, are at the negative end of the axis. Deciduous species, which are leafless by the end of the dry season and exhibit higher leaf WUE and xylem with low tolerance to water stress, are at the positive side of the axis (Figure 3) . Overall, PCA axis 2 (PC2) indicated a trade-off between drought tolerance and drought avoidance. The red and white sections did not differ in their multivariate wateruse strategy (PC1: t = −1.83, P = 0.1; PC2: t = 0.08, P = 0.93).
Relationship between the environment and the water-use strategy of species PC1 scores of species were not correlated with the level of aridity of the sites where species thrive (r = 0.32, P = 0.4). In contrast, we detected a relationship between PC2 scores (indicative of the drought tolerance vs drought avoidance trade-off) and the aridity index (r = -0.80, P = 0.008). Particularly, deciduous species with a higher WUE and higher tolerance to low Ψ midday were distributed in more arid areas (Figure 4 ). In contrast, species that retain their leaves during the dry season and that are more resistant to embolism are found in less arid areas (Figure 4 ).
Discussion
It has been proposed that red and withe oaks have different strategies to deal with drought, suggesting conserved ancient adaptations. Our study partially supports this idea since we detected section differences in morphological and physiological traits,
Tree Physiology Online at http://www.treephys.oxfordjournals.org reflecting some degree of trait conservatism. Nevertheless, a larger variation, aside from the section level, was detected among the nine oak species. It has been hypothesized that closely related species are less likely to compete with each other, given the differences in their resource and conditions requirements, and overall niche divergence (Cavender-Bares et al. 2004a , Olvera-Vargas et al. 2010 , Torres-Miranda 2014 . This idea has been supported in previous studies documenting the differences in the distribution of closely related species at both regional and larger geographic scales (Cavender-Bares et al. 2004a , TorresMiranda 2009 , 2014 , Olvera-Vargas et al. 2010 , Savage and Cavender-Bares 2013 , de la Riva et al. 2014 , Aguilar-Romero et al. 2016 . Likewise, in our study we provided evidence that the variation in water-use strategies among oak species is related to the species distribution along a gradient of aridity and that such a pattern is also expressed at small spatial scales, particularly at the landscape level. Overall, two axes of trait covariation defined the patterns of species differentiation, which were related to the environmental gradients. Studies analyzing distribution of oak species at regional scales have suggested that white oaks (Quercus section) are more resistant to drought (Abrams 1990 , Nixon 1993 , Zavala 1998 , Poulos 2009 , Renninger et al. 2013 , Aranda et al. 2014 . Based on this evidence, we predicted that the studied species belonging to the white oak section would show traits related to a higher drought resistance than the species from the red oak section. Our results do not support this hypothesis since physiological components of water-use strategy did not differ between sections, and morphology, denser tissues (branches and leaves) and higher Hv in red oaks (section Lobatae) suggest a higher resistance to water stress than in white oaks. In contrast, the strong variation in most of physiological and morphological traits among the nine species studied, independently of section, indicated trait divergence between closely related species.
In our study, we found evidence to support the hypothesis that oak drought resistance was constrained along the trade-off between the capacity to tolerate drought and the ability to avoid it through an efficient water use and leaf area reduction. Interestingly, we detected that biophysical traits related to the plant hydraulics, such as Wd and xylem water content, were independent of the oaks' physiological response to drought. Particularly, the PCA permitted us to determine the patterns of covariation among traits, detect trade-offs and to define the resource-use strategy of the oak species. We were able to identify two mayor axes of variation that were persistent even after removing LDMC, which was the most conserved trait at the section level of the traits analyzed. The first axis was primarily driven by the negative association between the xylem density and stem water storage capacity. It was previously determined that denser wood results from thicker vessel cell walls and/or from a higher proportion of fibers with reinforced walls (Abrams 1990 , Cavender-Bares and Holbrook 2001 , Pineda-García et al. 2011 . Conversely, species with soft wood had a higher content of water in the stem tissue, typically due to an elevated proportion of parenchyma or storing fibers and thus higher capacity to store reserves (water and/or non-structural carbohydrates), and vessels and fibers with a large lumen (Borchert and Pockman 2005 , Choat et al. 2005 , Méndez-Alonzo et al. 2012 . The positive association between the density of the leaves and the stem suggests that mechanisms of plant persistence and robustness are shared by the different plant organs (Markesteijn et al. 2010 , Pineda-García et al. 2011 . Interestingly, dense-wooded species exhibited twigs with an elevated conductive section (larger Hv), suggesting a mechanism to compensate narrow-vessel restriction in water transport to the leaves.
In contrast, the second axis of differentiation was mostly defined by physiological traits. Species that are highly resistant to xylem cavitation were brevi-deciduous, as they barely reduced their leaf area at the middle of the dry season. On the other hand, formally deciduous species exhibited a lower dry-season plant water potential and high vulnerability to xylem cavitation Functional traits: WUE, water-use efficiency; LDMC, leaf dry matter content; Hv, Huber value; Ψ midday , midday plant water potential at the dry season; Wd, wood density; SWC, stem water content; LNC, leaf number change; PLC 50, plant water potential at 50% loss of stem hydraulic conductivity. Significant differences are shown in bold/italics (P ≤ 0.05).
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and had higher intrinsic WUE, altogether indicating that deciduous species tend to work closer to their hydraulic safety limit. This is in line with previous evidence from tropical and other temperate trees showing that deciduous species are more vulnerable to cavitation and function closer to their hydraulic safety limit than brevi-deciduous and evergreen species (Ackerly 2004 , Markesteijn et al. 2010 . Likely, a shorter growth period in deciduous species has promoted mechanisms to maximize resource capture, while a quick leaf shedding may compensate for the sensitivity of the xylem to suffer hydraulic dysfunction (Sobrado 1996 , Baldocchi et al. 2010 , Markesteijn et al. 2010 , Pineda-García et al. 2011 , Méndez-Alonzo et al. 2012 . Additionally, in accordance with previous studies, we detected a coupling between stem water transport traits and water use and loss in photosynthesis (Santiago et al. 2004) , and between leaf phenology and stem hydraulics (Borchert 1994 , Holbrook 1995 , Sobrado 1996 , PinedaGarcía et al. 2011 , 2015 , Méndez-Alonzo et al. 2012 . The fine-tuning between water transport and use in the leaves might be favored in plant communities where water availability is a major determinant of growth and mortality (Pineda-García et al. 2013 , Zeballos et al. 2016 ). Tree Physiology Online at http://www.treephys.oxfordjournals.org
Interestingly, in our study the physiological traits and leaf phenology, but not the morphological traits, did vary with the climatic conditions experienced by the species, as indicated by the correlation between the index of aridity and the PCA axis 2, but not for the PCA axis 1. In particular, the species with a xylem vulnerable to embolism, leaves with higher WUE and a more deciduous habit were located at the relatively more arid sites. In contrast, the least deciduous species, with a xylem less vulnerable to embolism, were located at more humid areas. Together these results suggest that species from arid sites restrict their growth and carbon gain to the favorable rainy season, and they tend to drop their leaves, reducing embolism and shoot die-off, during the dry season. Therefore, oaks species from arid zones use a more opportunistic and drought-avoiding strategy. In principle, the dominance of species resistant to xylem cavitation in the more humid areas seem to be counterintuitive and contradicts the findings from previous studies (Cochard et al. 2008 , Costa-Saura et al. 2016 . Although these areas receive a higher amount of annual precipitation, evergreen oak species suffer episodes of strong drought (Mendoza et al. 2006 ) during which they might be more susceptible to experiencing massive cavitation given that they retain most of their leaves year-round. Therefore, brevi-deciduous or evergreen oak species from humid areas might have evolved a mechanism to prevent embolism during possible water shortages, as detected in other species (Sobrado 1993 , Maherali et al. 2004 , Chen et al. 2009 , Kröber et al. 2014 .
The patterns of functional variation detected suggest that in an area with the same geological origin and with a large climatic variability, the physical environment filters species and promotes habitat partitioning, overall favoring niche and trait divergence among oak species (Cavender-Bares et al. 2004a , Willis et al. 2010 . However, it is important to note that though we characterized the functional response of each species in the sites that reflect their optimum habitat, we recognize that they do not have such a confined distribution, and some of them, such as Q. castanea, exhibit a wider distribution along the environmental gradient (Aguilar-Romero et al. 2016 ). This suggests that phenotypic plasticity or genetic divergence can be important mechanisms used by plants to thrive in different habitats, and these factors remain to be evaluated.
Conclusions
We compared morphological and physiological traits of white and red oak species to evaluate trait conservatisms within a seasonally rainy landscape in central Mexico. We found that oak sections differ in some traits, but contrary to our predictions, red oak species had traits associated with a more drought-tolerant strategy. However, our study provides evidence of a strong functional differentiation among oak species, contributing to the understanding of patterns of habitat specialization and niche partitioning along a gradient of aridity. We detected two major axes of trait covariation; one defined by the construction cost of morphological traits and the other by stem hydraulics and the leaf physiology and phenology. Overall, the species with a deciduous habit and a xylem highly vulnerable to embolism were located in more arid areas, while the brevi-deciduous species with a more protected xylem were frequently observed in more humid areas.
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